IN 1896 Friedrich Krukenberg [11 gave a masterly description of a type of ovarian neoplasm which up to that time had not been recorded. His material was derived from five cases; two of the patients came to autopsy and accurate post-mortem examinations were made upon them.
Krukenberg pointed out that the tumours occurred in young women as well as in the aged, were of slow growth and were usually accompanied by ascites. The tumours were bilateral, retained the general shape of the normal ovaries and had smooth surfaces ( fig. 1 ). They were mainly of a uniform solid consistency, though in some cases areas of degeneration with cystic-like spaces were seen and in other cases white opaque areas were present. The tumours were about 12 by 10 by 6 cm. in diameter. The interest of the tumours lay mainly in their microscopical characters. The histological form was as follows: the stroma consisted of fibrille in the form of spindles with oval nuclei, densely packed together, having an irregular arrangement amongst themselves, and producing the form of a fibrosarcoma. But, in addition, another type of cell predominated, and it was this cell which was responsible for the interest of the tumour. The cell was large, about *008 mm. in diameter, round or oval in shape with bright translucent homogeneous protoplasm, with its nuclei pushed to one pole of the cell and flattened out against the cell membrane at that spot. Consequently, the appearance of the cell closely resembled that of a signet ring (figs. 2 and 3) and Krukenberg pointed out that the picture of these signet-ring cells in a sarcomatous stroma was the main character of the histological structure of these tumours. He also showed that the cells contained mucin and that sometimes they were collected in nests or in rows and that rarely a suggestion of an alveolar arrange-Shaw: Krukenberg Turmours of the Ovaries ment could be made out. Further, they were sometimes seen surrounded by endothelial cells and apparently lying in the lumina of lymphatic channels. In view of the histological structure Krukenberg concluded that the tumour was a fibrosarcoma and he considered the signet-ring cells to be derived from the stroma cells, but because of their mucus content and because of their similarity to carcinoma cells, at the suggestion of Marchand he termed the tumour a fibrosarcoma mucocellulare carcinomatodes. Partly because of this cumbersome terminology and partly because of Krukenberg's classical description of these tumours the term Krukenberg tumour is now universally given to this type of growth.
Krukenberg considered that the tumours were primarily ovarian in origin, but it was later pointed out by Wagner [2], Schlagenhaufer [3] , Kraus [4], and others, that Krukenberg's tumours were usually found in association with carcinoma of the stomach. The result was that Krukenberg's view of their nature and origin was strongly opposed. Although at the present time there is a fairly extensive literature on this subject, there are certain features of these tumours which still require elucidation and it was to bring these points forward that this paper was written. Operation.-May 20, 1925. Large tumour replaced the right ovary; the smaller one resembled an enlarged left ovary. Both tumours removed. No exploration carried out because of the patient's poor condition. Both tumours were smooth, white, hard and heavy. There was an area of degeneration in the large tumour, and a few small cysts were present on the surface. Microscopically, the tumour had the form of a typical Krukenberg tumour.
After the operation an irregular mass could be palpated below the right costal margin, and the patient once vomited a little altered blood. The patient's general condition gradually became worse and she died three weeks after operation.
Case III.-For the records of this case I have to thank Sir Charles Gordon-Watson. Aged 27. One pregnancy five years ago. December, 1921.-For two years history of dyspepsia and vomiting after food. Fourteen days ago severe haematemesis.
X-rays.-Gastroptosis and gastric ulcer. December 21, 1921 .-Posterior gastro-jejunostomy; gastric ulcer in lesser curvature near pylorus. Uninterrupted recovery; gastric symptoms cleared up and patient remained well until three years later (January, 1924), when she noted that her feet were beginning to swell and that her abdomen was getting bigger.
,January 31, 1924.-Extensive ascites, and, on bimanual examination, a large ovarian tumour found.
February 5, 1924.-Laparotomy; several pints of ascitic fluid evacuated and two solid ovarian tumours, lying free, removed. Stomach was examined and found surrounded by adhesions and much induration. No nodules were found on peritoneum and no retroperitoneal glands were recorded as present. The patient died three months later with a blood-stained pleural effusion.
Microscopically, the tumours had the form of Krukenberg tumours. Cases IV and V.-Specimens froin the museum of St. Bartholomew's Hospital. I have to thank the curator, Dr. T. H. G. Shore, for the records of these cases.
Case IV.-Bilateral ovarian tumours removed from a married woman aged 51, a multipara, in 1894. For three years menstruation had been irregular and excessive. The abdomen had been swollen for two years, and vomiting had been troublesome for six months. Laparotomy was performed and revealed double ovarian tumours, each the size of a faetal head. There was free fluid in the peritoneum and the omental fat felt very hard. She recovered from the operation, but the vomiting was not relieved, and a hard mass was palpated in the epigastrium. Death occurred from pneumonia one month after the operation.
Post mortem, the pyloric third of the stomach was found to be thickened and indurated, and showed on its mucous surface a small ulcer. Microscopic examination of the stomach showed chronic inflammation, but no conclusive evidence of malignant disease. The section of the stomach wall has not been kept. The tumours have the appearance of Krukenberg tumours, and microscopically their structure is typical. Case V.-Bilateral ovarian tumours solid in consistency and much lobulated on the surface. Removed at operation, 1908, from a woman aged 44 She had borne one child at the age of 25, and had never since been pregnant. Menstruation had been normal, though scanty. The tumours were remiioved within a few weeks of the detection of the abdominal enlargement. Recovery was uneventful, and three months later there was no evidence of recurrence. No further history is available.
The first point to consider is whether these tumours are primarily ovarian in origin, as Krukenberg considered them to be, or whether they occur as metastases of some growth arising primarily in a distant organ.
It was not until about twenty years ago that the frequency with which malignant growths of the ovary were secondary to growths elsewhere in the body was recognized, and a review of the literature shows that before the publication of Krakenberg's paper cases had been described in which sarcomata of the ovaries had been found in association with carcinoma elsewhere, and that these cases had been considered as affording interesting examples of Pfannenstiel's theory of the multicentric origin of malignant growths. For example, von Fleischmann [51 had described a case of carcinoma of the pylorus associated with fibrosarcomata of the ovaries; Temesvary [6] had collected 300 cases of ovarian sarcomata in which four carcinomata had been found in other situations; Rubeska [7] had described six cases of carcinoma of the stomach or gall-bladder in which the ovaries had been involved five times with carcinoma and once with sarcoma; and Bode [81 had recorded two cases of carcinoma of the pylorus in which a fibrosarcoma and an endothelioma had been found in the ovaries. After the publication of Krukenberg's paper Kraus, in 1901, recorded cases of Krukenberg tumours associated with carcinoma of the stomach and of the caecum ; Schlagenhaufer, in 1902, recorded two cases of carcinoma of the stomach in which Krukenberg tumours of the ovaries were found; and Wagner, in 1902, described a case in which a scirrhous carcinoma of the stomach and Krukenberg tumours of the ovaries occurred simultaneously. It was after the publication of these papers that doubts were raised as to the ovarian origin of the Krukenberg tumour. Of Krukenberg's original cases two came to post-mortem, one died subsequently with gastric symptoms, and in two no details of the patients' histories were given. In Krukenberg's first case, which was described very exactly, the stomach was recorded as being invaded by growth but no ulcer was present. It. seems clear, from Krukenberg's paper, that he was not altogether satisfied with the hypothesis of the connective-tissue origin of the signet-ring cells, for he discusses in detail the question of their origin, and in turn excludes the follicular epithelium, Pfliger's cords and para-ovarian remains as being responsible for their origin.
A review of the literature shows that up to the present time about sixty cases have been recorded, and it can be stated definitely that, with the exception of the few cases mentioned below, in all cases where a complete examination has been made, either at operation or at autopsy, a carcinoma has been found elsewhere. It is insufficient to exclude a primary growth elsewhere purely on clinical grounds, for it is the characteristic of this growth that it arises in young women. Further, as Bland-Sutton [9] and Amann [10] have pointed out, ovarian metastases may far outstrip the primary growth both in size and in rate of growth, so that although in many of the cases recorded the primary growth has been small and insignificant in its influence, yet the metastases have been the dominant feature of the case. It follows that although no carcinoma of the stomach may be felt through the subumbilical incision made to remove the ovarian growths, it is wrong to state dogmatically that no carcinoma is present, and that a careful post-mortem examination is required to exclude a primary growth elsewhere. Cases of this type in which a, post-mortem examination has been made (e.g., Kraus [4], Schlagenhaufer The problem, however, is not so simple as these points might lead one to believe, for cases of Krukenberg tumour have been described in which no primary carcinoma could be discovered post mortem. For example, Sternberg [19] described a case where there were multiple metastases of a growth which, histologically, resembled a Krukenberg tumour in the bone marrow and in which the ovaries were atrophied and the stomach was normal. 0. Frankl [20] describes a case in which three years after the removal of a Krukenberg tumour the patient was well and no abnormality was found after X-ray examination of the stomach. Cohn [21] records a case of Krukenberg tumour of the ovary which came to post-mortem and in which the stomach was normal and no primary growth was found. Lastly, there is Schenk's [22] case, in which a Krukenberg tumour was removed at operation when the stomach appeared normal. A further operation was performed; the pancreas appeared indurated and a diagnosis of carcinoma was made. A post-mortem examination was made subsequently, and no carcinoma was found, the induration around the head of the pancreas being due to glandular metastases.
It follows that although most cases of Krukenberg tumour are undoubtedly associated with carcinoma elsewhere, the possibility of a primary Krukenberg tumour of the ovary arising cannot be excluded.
So much for the clinical side and the aspect of morbid anatomy. Histologically, there is good reason to believe that the tumour is metastatic. The signet-ring cells, with their nmucin content, are surely more likely to be epithelial in origin, with their shape altered by the pressure of the surrounding stroma. The attempt at alveolar arrangement is again in agreement with this view. And as Krukenberg pointed out, it is extremely difficult to account for a primary alveolar carcinoma of the ovary. Further, it was shown by Miiller [23] that metastases in the ovaries frequently deviate from the structure of the primary form. Lastly, the tumour is always bilateral, and on general principles this is most easily explained by assuming metastases in symmetrical organs from a distant primary growth. Now, although, according to Pfannenstiel, 90 per cent. of all ovarian carcinoma are bilateral, it has been shown by 0. Frankl [20] that metastatic carcinoma of the ovary is much more frequently bilateral than primary carcinoma of any type.
A study of the literature reveals that almost invariably Krukenberg tumours appear in association with carcinoma of the stomach. Isolated cases (cf. those of Kraus [4], Cohn [211) have been described in which Krukenberg tumours have been found in association with carcinoma of the sigmoid or of the concum, but this list of cases is small. I have had the opportunity of seeing two cases of ovarian metastases from primary carcinomata of the sigmoid, and although the large columnar cells lose their rectangular form they still assume a well-marked alveolar arrangement and the sarcoma-like stroma is absent. Neither of these cases could be termed a Krukenberg tumour, although there was a certain resemblance in each case. The study of the nature of Krukenberg tumours therefore leads one to the conclusion that they are almost invariably metastatic and usually arise from carcinoma of the stomach.
The next point to consider is the route by which the cancer cells reach the ovaries. Direct spread is unlikely to occur in cases of carcinoma of the stomach, and dissemination by the blood-stream would lead to multiple metastases in distant organs in addition to the ovaries, and it is unlikely that the ovaries alone would be picked out if dissemination occurred in this way. The third possible method is implantation. It is well known that in many cases of carcinoma of the stomach multiple implantations are found on the peritoneum, and it is undoubtedly true that ovarian metastases occur in this way; as Bland-Sutton [9] says, the ovaries receive a light covering of falling cancer cells as evergreen shrubs are clothed by snowflakes in winter. It is important to realize at this stage that Krukenberg tumours are not the only metastases in the ovaries from carcinoma of the stomach. They are rare; the typical ovarian metastasis is an irregular nodular tumour which, histologically, closely resembles the primary growth, and it is probably true to say that these more common forms are produced by implantation. There are, however, many objections to this view. In the first place, as pointed out by Bucher, it is difficult to believe that implantations invade the covering epithelium of the ovary, and Schauta's hypothesis of the implantation occurring through the site of rupture of a Graafian follicle is not convincing.
The question has been closely investigated by Sitzenfrey [24], who described a specimen of microscopic carcinoma invading the surface of the ovary, and by Kraus [4], who, in five cases of early metastatic carcinoma of the ovary, demonstrated a penetration of cancer cells into the substance of the ovarian cortex. Kraus concluded that metastatic carcinoma of the ovaries took place by means of implantation, and explained (as also did Bland-Sutton) the course of metastases in the ovary from cases of carcinoma of the breast by permeation along the lymphatics into the peritoneal cavity, and thence by implantation into the ovaries. Kraus carried out experiments on animals by injecting indian ink into the peritoneal cavity and subsequently examining the ovaries histologically; he succeeded in demonstrating particles of indian ink in the ovarian cortex. His experiments were repeated more accurately by Wolfheim [251, who showed that, although indian ink particles could be found in the ovaries, the particles were usually seen in the lymphatic channels and in the stroma; he pointed out that Kraus was not justified in drawing the conclusions at which he had arrived.
It is difficult to account for Krukenberg tumours by the theory of implantation, for it was shown by Kroemer that in such cases the peritoneum may be free from growth; this is illustrated by the first of the cases recorded in this paper. Again, Krukenberg tumours are free from adhesions, have smooth surfaces and retain the shape of the normal ovary. If they are produced by implantation it would be expected that metastases would be found in the pouch of Douglas, which is the lowest part of the peritoneal cavity and, so far as I am aware, no such case has been recorded. Lastly, the histological form of the Krukenberg tumour differs so markedly from that of the primary growth that some explanation of this discrepancy must be given. It has therefore been suggested by Amann [10], Kehrer [26] and others, that the route is probably by way of the lymphatics. In cases of carcinoma of the stomach the retrogastric and then the superior lumbar glands are invaded, and the latter glands receive the lymphatics from the ovaries. The hypothesis assumes that there is a lymphatic blockage at the superior lumbar glands and that the cancer cells pass down the ovarian lymphatics by retrograde lymphatic spreada process which, as Handley has shown, occurs in cases of carcinoma of the breast. This hvpotbesis explains why the growth is bilateral, why its surface is smooth and why it retains the form of the normal ovary, for it invades the ovary from its medulla and not from its surface. There is a certain amount of evidence in support of this view. It was shown by Krukenberg that the signet-ring cells are often found in lymphatic channels in these tumours, and Schottlaender pointed out that in early metastatic carcinoma of the ovary nodules of growth are frequently found in the medulla when the cortex is almost clear of growth. 0. Frankl has communicated some very interesting observations on this matter. He points out that, in cases of ovarian metastases, the uterus and tubes are harder than normal, and he attributes this to lymphatic stasis and to secondary connective-tissue formation. Further, he has shown that in such cases metastases are found in the lymphatics of the wall of the uterus. That these uterine metastases were not secondary to an initial ovarian metastasis was shown by the fact that in thirty-six cases of primary ovarian carcinoma no metastases were found in the wall of the uterus, while out of seventeen cases of metastatic carcinoma of the ovaries in seven-a high percentage-such metastases were demonstrated.
It is also well known that the ovary may be invaded by carcinoma by way of the lymphatics from carcinoma of the uterus, and also from malignant disease of the opposite ovary. Lastly, this hypothesis explains why the alveolar arrangement is lost in cases of Krukenberg tumour, and why the signet-ring cells are usually isolated amongst the stroma cells, for in this hypothesis it must be assumed that single or only small bunches of cancer cells invade the ovaries.
As already stated, Krukenberg emphasized in his paper that the disease occurred in young women as well as in the aged. This is illustrated by the following table:
Age less than 21 it is remembered that carcinoma of the stomach occurs most often in patients over the age of 40.
Metastasis of carcinoma occurs very frequently in the ovaries relatively to other organs of the body, and this applies not only to carcinoma of the gastro-intestinal tract but also to carcinoma of the breast. It has been shown by von Torok and Wittschhofer that ovarian metastases are found in about 10 per cent. of all mammary carcinoma that come to autopsy, and this frequency is high compared with the metastases occurring in other organs, and is approximately equal to the incidence of metastases of mammary carcinoma in the bones. In the usual type of Krukenberg tumour the ovaries are the main seat of carcinoma. The question is obviously not connected with the anatomical relationships of the ovaries, otherwise it would be expected that metastases in the testes in cases of carcinoma in the male would be common. It seems that there is some obscure relation between the activity of the ovaries in the child-bearing period and the incidence of metastases in these organs. Schottlander, Frankl and Kraus have all suggested that the ovaries afford an excellent culture medium for these growths because of their rich lymphatic supply. This question in turn is probably related to the sarcomatous changes that occur in the stroma of the growths. Although it must be considered in the light of the present-day series of cases that the tumour is essentially a metastasis of carcinoma, the sarcomatous nature of the stroma must not be lost sight of. It was the dominance of these sarcomatous characters that led Krukenberg to believe that the tumours were connective-tissue in origin, and recently Marchand has brought forward evidence to support this view. The modern tendency, however, appears to be to neglect these sarcomatous changes in the stroma, but they can readily be recognized in the cases I have examined. They illustrate the extraordinary powers of cell growth of which the ovaries are capable, a growth which in the case of the developing corpus luteum is unrivalled in the body tissues.
DIAGNOSIS AND TREATMENT.
The diagnosis of malignant disease of the ovaries in these cases is usually made, for ascites almost invariably accompanies these tumours, but it is probably worth while to investigate such cases further before operation is performed. The mobility of the tumours-which is one of their main characteristics-may lead the operator to explore the abdomen, when an X-rav examination of the stomach together with examination for occult blood in the stools might indicate that the tumours were secondary.
Two cases are recorded by Schenk and Sitzenfrey in which, on bilateral solid ovarian tumours being found, palpation at operation revealed a carcinoma of the stomach. A surgical colleague was called in and partial gastrectomy carried out. Such treatment is very drastic, and it is doubtful whether it is justified. Modern methods of investigation ought surely to be employed in cases of malignant ovariarn tumours, for a study of the cases recorded reveals that the immediate mortality of ovariotomy in metastatic carcinoma is extremely high, although, as in the case of Krukenberg tumours, the operation can be easily accomplished.
CONCLUSIONS.
(1) Krukenberg tumours of the ovaries are almost invariably metastatic and usually follow carcinoma of the stomach.
(2) Histologically, the tumour consists of signet-ring cells scattered throughout a sarcomatous stroma.
(3) The ovaries are probably involved by retrograde lymphatic spread from the superior lumbar glands.
(4) The tumours usually occur in women during the child-bearing period of life.
(5) Complete examination for disease of the stomach should be carried out before operation in cases of malignant ovarian tumours.
I have to thank Sir Charles Gordon-Watson, K.B.E., C.M.G., and Mr. Harold Griffith for records of cases, and Sir Bernard Spilsbury and Dr. T. H. G. Shore for the help they have given me in the preparation of this paper.
Mr. T. G. STEVENS (President) said he considered that these tumours were more common than was generally thought. Not infrequently they were removed and looked upon as fibromata of the ovary without microscopic examination. Their histological structure was exactly that of the " leather-bottle " stomach, namely, a carcinoma composed of an embryonic stroma enclosing small alveoli of large epithelial cells, usually arranged in a single row of not more than three or four elements. The epithelial cells always showed a large vacuole which pushed the nucleus on one side and produced the well known signet-ring appearance. The embryonic stroma, which had often been wrongly looked upon as sarcomatous, was only a response of the ovarian stroma to an unusual stimulus supplied by the secondary epithelial growth. This stroma closely resembled that of many ovarian fibromata, in which the whole growth was often intensely cellular and yet not malignant in any sense. He (the President) had always regarded these tumours as the result of epithelial implantation, but in the light of modern opinion, as shown by Dr. Shaw, he considered that invasion via the lymphatic channels seenmed highly probable. Secondary ovarian carcinomata might follow a primary growth in the stomach, intestine or breast, but in view of the histological characters of the Krukenberg tumour, he considered that the primary growth was always gastric, as a tumour of intestine or breast never had the peculiar characters usually found in these tumours. The most striking clinical feature was that the cases so seldom showed any gastric symptoms, but only came under observation when the abdomen began to enlarge from ascites due to the secondary growths. [February 4, 1926. Radiography in a Case of Triplet Pregnancy.
By G. F. ABERCROMBIE, M.B.
THE triple pregnancy to be described presents several points of interest, the most important being the method by which the diagnosis was made before labour.
Mrs. P., aged 35, had had one miscarriage at the third month in 1923 ; her second pregnancy went to term, and on December 31, 1924, after labour had lasted forty-five hours, she was delivered under anesthesia, by forceps, of a seven-pound child. Prolonged artificial respiration proved successful, but on the following day the child had a fit, and continued to have fits at fairly frequent intervals until it died at the age of eight weeks.
When first seen on October 19, 1925, the patient stated that she had had no monthly period since the birth of her child, and that she had quickened two months previously, frolm
